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I. INTRODUCTION 
The history of heavy fermions is a relatively young one. It has 
been only 12 years since the first known heavy fermion system, CeAlg, 
was discovered.1 Interest in the research and characterization of such 
"heavy-fermion" systems increased dramatically after Steglich et al.^ 
discovered superconductivity in the heavy fermion ternary CeCu2Si2. In 
the last few years, though considerable work has been made both in 
theory and experiments toward this field, not much progress has been 
achieved in understanding the origin and mechanism that lead to the 
O 
formation of heavy fermion state itself. 
So far, the reported heavy fermion behavior is observed only in Ce 
and actinide compounds,^'® namely, CeAlg, CeCu2Si2, CeCug, CePtSi, UPtg, 
UBe^g, UCdj^j, NpBe^g. Since cerium is one of the most 
interesting elements in the periodic table and has been studied most 
extensively of all the rare earth metals, a goal of this study is to 
attempt to search for new heavy fermion systems in Ce-based ternary 
silicides. Fortunately, in the course of our search for new heavy 
fermion compounds, we found that CePtSi displays the properties of both 
heavy-fermion and dense-Kondo systems.® Some new dense-Kondo systems, 
CeCuSi2, CePtSi2 and CeCuAlg have also been found during this period of 
time.9 
The main object of this work is then to further the understanding of 
the anomalous behavior of the heavy fermion compound CePtSi. In this 
study, we address the following questions: (1) what is the origin and 
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mechanism of the formation of heavy fermion state in CePtSi? (2) what 
are the effects of alloying? (3) what are the effects of vacancies on 
the heavy fermion state CePtSi? In answering these questions, a number 
of pseudoternary systems have been investigated. We have been 
successful in achieving almost all of our goals. 
The organization of this thesis is as follows: in this Chapter, we 
briefly introduce the necessary concepts regarding (a) properties of Ce, 
(b) intermediate valence state, (c) dense Kondo systems, (d) heavy 
fermion systems and (e) local moments state. In Chapter II, the 
experimental techniques used in this study are described. In Chapters 
III, IV, V and VI the experimental results for CePtSi, Ce(Ptj^_jjNijç)Si, 
CePtjjSi and CeSi^ systems are presented and analyzed. Lastly, in 
Chapter VII, we make some general observations about heavy fermion 
systems. 
A. Cerium 
^®Ce, one of the 17 rare-earth elements (including ^^Sc, and 
^^La to 7lLu),10 has been known for 160 years.During the last thirty 
years, the interesting behavior^^-l? of Ce in elemental form as well as 
in alloys and compounds has been discovered under various conditions of 
temperature and pressure. A review by Koskenmaki and Gschneidner^® is 
an excellent source of information. 
The electronic configuation of Ce can be represented by the formula 
[Xe]4f^(5d^6s^). The 4f orbital is deeply buried inside the Xe-core 
3 
without regard to the small and slowly decaying tails as in the other 
light rare earths and actinides. Fig. 1 presents the five different 
allotropie solid phases of Ce in a pseudo-equilibrium pressure-
temperature diagram. The magnetic properties of typical narrow-band 
metals ranging from Pauli-paramagnetism to Kondo to magnetic ordering 
are verified to be in the high pressure collapsed a(fcc),^^ P(dhcp),^^~ 
17,20-21 Y(fcc)21 and supercooled g(dhcp)12-13 phases. Both a-Ce and 
a -Ce phases become superconducting under high pressure.Many 
authors22-24 attributed these phase transition phenomena to the 
nonintegral valence change, or the hybridization of f states. Recently, 
Rohler et al. pointed out that the valence of Ce metal remains between 
3.03 and 3.32 over a pressure range from 0 to 120 kbar. This conclusion 
was based on Ljjj-edge X-ray absorption measurements. 
Cerium compounds and alloys exist in a Pauli paramagnetic state 
(and/or superconducting state), intermediate valence state, Kondo 
lattice state, heavy-fermion state and magnetically ordered state 
(either ferromagnetic or antiferromagnetic) under various conditions of 
temperature and pressure. Two states, namely, heavy-fermion and 
ferromagnetic states, are not found in metallic cerium. It is natural 
to ask whether or not the f-ligand hybridization is an important factor 
in the formation of these two states. 
4 
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B. Intermediate Valence State 
The phenomenon of intermediate valence (also called valence 
fluctuation or interconfiguration fluctuation), where the valence is not 
an integral value, is very often observed in rare-earth systems 
containing Ce, Sm, Eu, Tm and In such systems, a 4f electron 
fluctuates between the two configurations 4f"(5d6s)^ and 4f""l(5d6s)M+l 
on a time scale ~ 10"^^ to 10"^^ seconds. Two separate peaks 
representives of both the 4f" and 4f"~^ configurations can be observed 
in fast spectroscopic measurements, e.g., ultraviolet photoemission 
spectroscopy (UPS), X-ray photoemission spectroscopy (XPS), and Ljij;-
edge X-ray absorption spectroscopy. Much progress has been made in 
understanding the anomalous behavior of the valence fluctuation state 
during the last decade.ggme interesting features of the 
valence fluctuation state are summarized as follows: 
1. The unit cell volume is a sensitive function of the valence 
state. Deviations of the unit cell volume from the normal lanthanide 
behavior across the series can be taken as evidence for valence changes. 
2. Generally, the ground state of valence fluation systems is 
nonmagnetic. Enhanced Pauli paramagnetism is observed at low 
temperatures and there is a crossover to Curie-Weiss behavior at high 
temperatures. The salient feature of the magnetic susceptibility curve 
is the presence of one broad peak in the crossover region.The system 
is in the mixed valence regime when the crossover temperature (spin 
fluctuation) Tg£ > 100 K, or in the Kondo-lattice regime when T^g < 100 
K.33 
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3. Very often, a broad maximum in the magnetic resistivity (magnetic 
contribution to the resistivity) is observed in the high temperature 
region (> 100 K). The T^iax value obtained from dc magnetic 
susceptibility measurements is comparable to the value obtained 
from the magnetic contribution to the resistivity measurements. 
4. Valence fluctuation systems have moderately high values of the 
linear coefficient of specific heat y (~ 100 mJ/mol K^) because of the 
close proximity of the 4f states to the Fermi energy and the enhancement 
in the density of states at the Fermi surface. 
C. Dense Kendo Systems 
A single magnetic impurity in a metal is referred to as the 
idealized "Kondo problem", named for J. Kondo of the University of 
Tokyo. This problem has been of interest to both experimentalists and 
theorists since early 1960s. Now, the dilute Kondo system is 
understood in detail; however, there is still no established theoretical 
treatment for a dense Kondo system, though some models have been tried 
to solve the problems of a dense Kondo system. The essential difference 
between the impurity Kondo system and the dense Kondo system is that the 
magnetic impurities do not form a substitutional solid solution and the 
impurity spins are no longer non-interacting in the concentrated limit. 
Therefore, a dense Kondo system is a system in which the spin 
fluctuation Kondo effect and RKKY interaction coexist. We call such a 
state where both Kondo effect and RKKY interaction are comparably 
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important a Kondo lattice State. Ce compounds are most frequently found 
to exhibit Kondo anomalies. 
To explain the Kondo effect, the s-d (or s-f) exchange model and the 
Anderson model are generally considered. However, Schrieffer and 
Wolff^^ have shown that the Anderson Hamiltonian leads to an exchange-
type Hamiltonian in the limit of small mixing. The exchange Hamiltonian 
Hgjj which is a result of the interaction between the conduction 
electrons and the magnetic moments can be written in the following form: 
Hgx = -2rs-s (1) 
where T is the exchange interaction parameter, S is the spin of the 
magnetic ion and s is the conduction electron spin density at the site 
of the ion. For rare earth ions, a more appropriate interaction 
Hamiltonian is^^ 
Hgx = -2r(gj-l)J'S (2) 
where gj is the Lande g-factor and J = L + S is the total angular 
momentum. From calculations based on (Eq. 1), Kondo^^ successfully 
explained the resistance minimum phenomenon first observed for 3d 
transition element impurities in noble metal hosts. The logarithmic 
temperature dependence in resistivity derived from this theory was also 
in good agreement with experiment. The characteristic temperature Tj^, 
which has since come to be known as the Kondo temperature, thus obtained 
is 
T^ ~ Tpexp[-l/N(Ep) |r|] (3) 
where Tp is the Fermi temperature and N(Ep) is the host density of 
electronic states at the Fermi level. Because of the extreme local 
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nature of the 4f wave function, which can be treated as the magnetic 
impurity center, the property of the logarithmic decrease of electrical 
resistivity with increasing temperature can also be exhibited in a dense 
Kondo system. However, the resistivity of the dense Kondo system passes 
through a maximum at before exhibiting the Kondo decrease as InT at 
high temperature. A possible explanation is that the 4f-electrons are 
arranged on the periodic lattice and they act as a periodic potential to 
the conduction electrons. Lavagna et al.^® used the model of Lacroix 
and Cyrot to study the electrical resistivity of the Kondo lattice. 
They found that the position of the resistivity peak is related to the 
value of the Kondo temperature Tj^ in the same compound. An important 
question is how to relate the intermediate valence state to the Kondo 
lattice system. Schlottmann^^ strongly supports the notion that Kondo 
systems are the n^ 1 limit of mixed valence with ^ 0 as n^ ^ 1. 
Brandt and Moshchalkov^®'^^ claim that all Ce-based intermediate valence 
states are concentrated Kondo systems with high and that the 
Abrikosov-Suhl resonance energy is greater than the Fermi energy Ep 
from the viewpoint of energy bands. 
The reason that the Kondo temperature T^ becomes the characteristic 
temperature is that at high temperatures (T » T^), the magnetic 
susceptibility obeys the Curie-Weiss law, while below T^, competition 
between Kondo compensation on the one side and magnetic ordering or the 
superconducting ground state occurs. For Tj^ » Tj^ kKY' competition 
between the RKKY indirect interaction and local Kondo spin fluctuation 
results in a strongly coupled nonmagnetic Kondo state as T -> 0. For T^ 
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« Tj^y» ® magnetic transition occurs because spin-flip Kondo 
scattering is forbidden in the system of spins frozen below the magnetic 
ordering transition temperature = ^RKKY' 
D. Heavy Fermion Systems 
Heavy-fermion systems with y > 400 mJ/f atom mol K known to date 
include superconductors (CeCu2Si2> UBe^g, UPtg), magnets (NpEe^g, 
UCd^i) and materials in which neither magnetic ordering nor 
superconductivity is observed (CeAlg, CeCug, CePtSi).^'® The unknown 
crystal structure compound YbCu^ $ also has a large value of y ~ 600 
mJ/mol (Ref. 42). The known heavy-fermion compounds exhibit many 
common physical phenomena. For example, all of these systems contain f 
electrons and have large f-f atomic separations (> 0.4 nm)much greater 
than the Hill limit^^ (0.325-0.35 nm). In comparison to normal metals, 
they have large but finite values of the low-temperature magnetic 
susceptibility and an unusual temperature dependence of specific 
heats below about 10 K. They all have the low temperature resistivity 
maximum except for UPtg. However, the resistivity maximum of UPtg is 
supposed to be buried under the phonon scattering.Below a certain 
temperature, the resistivities of the heavy fermion compounds fall 
precipitously due to the onset of coherence between Kondo states at f-
atom sites. Recently, the onset of the heavy-fermion coherent-ground-
state has been studied by Hall effect experiments.^^ In contrast to the 
resistivity, which shows a gradual transition to the coherent state, the 
Hall effect shows a rather sharp feature at the onset of coherence. 
10 
The earlier Kondo side band theory has been used to explain the 
temperature dependence of the electrical resistivity (p vs T) of the 
h e a v y - f e r m i o n  s y s t e m  C e A l j  a n d  r e l a t e d  p s e u d o b i n a r y  c o m p o u n d s . I t  
is argued that in the heavy-fermion system CeAlg, the doublet |±3/2> is 
the ground state and the Kondo effect does not exist at low 
temperatures. This argument is not in agreement with the results 
predicted by Kondo.The origin of the resistivity maximum in heavy-
fermion systems has been normally identified as a measure of the Kondo 
temperature T^ though some authors^^ believes that the RKKY interaction 
between magnetic ions in heavy-fermion systems plays an important or 
even dominant role in determining the position of the resistivity 
m a x i m u m . 3 8 * 4 1 , 4 8  
A very interesting phenomenon observed in the pseudobinary system 
Ce(Pd2_xAgx)3 is that about 20 % substitution of Ag can drive the Ce 
ions from a strongly mixed-valence regime to heavy fermion behavior (y ~ 
600 mJ/mol K^).^^ From this result, Selim and Mihalsin conclude that 
the Ce-based heavy fermion behavior is the n^ -> 1 limit of the mixed-
valence regime.50*51 Moreover, a connection exists between the Kondo 
temperature T^ and the number of f electrons, namely Tj^ ^ 0 as n^ -> 1. 
The coefficient of the electronic specific heat y^ax is related to the 
Kondo temperature by the relation y^^^ = 0.68R/Tj^, where R is the gas 
constant.52 
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E. Local Moment State 
The 4f electrons in rare earths, which are the carriers of the 
magnetic moments, are well localized. These unpaired 4f electrons are 
primarily responsible for the magnetic phenomena in the rare earths. In 
rare-earth containing systems, the 4f electrons interact weakly with the 
conduction electrons (sf exchange interaction) and set up the indirect 
exchange interactions (RKKY interactions) which can lead to the 
magnetically ordered ground state.^3 The magnetic ordering temperature 
is proportional to the de Gennes factor (g-l)^J(J+l) (Ref. 54). To 
understand the magnetic properties of the rare earths more clearly, the 
effective Hamiltonian for the 4f electrons can be written as: 
^eff ~ %KKY ^an ex ^ms ^cf 
where the Coulomb binding energy is left out. The first term is the 
indirect exchange interaction (RKKY interaction). The second term is 
the anisotropic exchange term which results from the asymmetry of the 4f 
wavefunctions. The third term is the magnetostrictive term. The last 
term is the crystal field contribution. For light rare earths, the 
exchange energy is approximately equal to crystal field energy and 
results in antiferromagnetic ordering. However some Ce-based compounds, 
namely, CeMg2 (Ref. 55), CeAg (Ref. 56), CeSi^ (Ref. 57), CePt (Ref. 
58), CeGe2 (Ref. 59), CeRh2B2 (Ref. 60-64) and CePt^Si (Ref. 65) have 
been found ordered ferromagnetically. An interesting phenomenon is that 
the saturation moments that have been reported^^"^^'^^'^^ are much 
smaller than the free Ce+3 ion value (gjwgj=2.14wg), characteristic of a 
12 
ferromagnetic dense Kendo system. For CeSi^ system, the phenomenon of 
reduced saturation moments has been attributed to the large spin 
fluctuation effect from the heat capacity data analysis. 
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II. EXPERIMENTAL TECHNIQUES 
A. Scunple Preparation 
All samples investigated for this work were synthesized from high 
purity elements by arc-melting together appropriate amounts of the 
components in a Zr-gettered arc-furnace on a water-cooled Cu hearth 
under an inert gas (Ar) atmosphere. The sources and purities of the 
starting materials are listed in the appendix. Each sample was remelted 
three to four times to promote homogeneity. Weight losses during arc-
melting were less than 0.1 %, often much less. To ensure that no 
impurity phase was present in the sample, we applied a variety of heat 
treatments." Details of the sample preparation are given in each of the 
sections which follow. 
B. Crystallographic Analysis 
As standard procedure, small pieces of the samples were ground in an 
agate mortar to powders. The powders were mixed with a Si standard then 
were applied to a microscope slide using a small amount of vaseline. A 
microcomputer-controlled Rigaku diffractometer equipped with copper 
target and graphite monochromator for CuK^ radiation was used to get the 
0 
powder X-ray diffraction patterns at a step scan rate 0.01 /sec. The 
angular positions of the Bragg peaks were defined as the midpoint of 
full peak width taken at half maximum intensity and were determined from 
the raw data using a 16 point smoothing function. 
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Given the crystallographic space group, the positions of the atoms 
in the unit cell, the estimations of the lattice parameters and the 
reflections from the X-ray powder diffraction patterns including an 
internal silicon standard (a = 0.543083 nm), a least-squares fit was 
used to refine the unit cell lattice parameters. 
C. High Precision Resistivity Measurements 
A standard four-probe technique for electrical resistivity 
measurements employed long thin specimens of uniform cross-sectional 
area with four attached leads as shown in Fig. 2. Small rectangular 
parallelpipeds of approximate dimensions 1x1x6 mm^ were cut from the 
master ingots using a slow speed diamond wheel. Sometimes a polisher 
could be used when the sample suffered the problem of brittleness. Fine 
platinum wires (~ 2 mil diameter), which served as the voltage and 
current leads to the sample, were attached to samples by spot welding. 
The voltage leads were attached well inside the current contacts to 
avoid complications due to the current spreading resistance. A Keithley 
Model 228 was taken as a constant current source and a Keithley Model 
181 Nanovoltmeter was used to measure the output voltage (see Fig. 2). 
To prevent the sample from electrical heating, a small direct current of 
10 mA was applied. Using a 10 mA current, the 10 nV resolution of the 
Keithley Model 181 Nanovoltmeter corresponds to 1 wO. Temperature 
control was achieved to an accuracy of 0.1 % by using a built-in 
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temperature controller provided by the sample property measurement 
system.69 
Since the Keithley Model 228, Keithley Model 181 and temperature 
controller had a standard IEEE interface, the dc electric resistivity 
measurements were made between 2.4 and 300 K (or 350 K) in a system 
fully automated for temperature stability and data acquisition.^9 Data 
were taken with the current applied in both directions to eliminate 
possible thermal effects. Once the sample resistance R is measured, the 
resistivity p can be calculated via Ohm's law, p ? RA/L, where A is the 
cross-sectional area and L the separation between the voltage leads 
along a principal direction. The values A and L were measured with a 
digital vernier caliper and a microscope. 
D. Static Magnetic Susceptibility Measurements 
The static magnetic susceptibility measurements were carried out in 
a field of 2.0 kOe between 2.4 and 300 K (or 350 K) with a fully 
automated commercial SQUID magnetometer (MPMS system).^9 The MPMS 
consists of seven major control systems required to perform a magnetic 
susceptibility measurement. These are: 1) Temperature Control Module 
(TCM), 2) Superconducting Magnet System, 3) SQUID Detector System, 4) 
Sample Handling System, 5) Gas Handling System, 6) Liquid Helium System, 
7) Controlling Computer. 
A main probe assembly of the sample measurement region is presented 
in Fig. 3. The detector coil, which is in a fixed position and located 
17 
NECK BAFFLE MOUNTING FLANGE 
.INSTRUMENTATION ASSEMBLY 
MOUNTING FLANGE 
MAGNET 
SAMPLE SPACE HEATER 
ISOTHERMAL SLEEVE 
SAMPLE 
MEASUIEMENT SAMPLE TUBE 
INNER VACUUM WALL 
.THERMOMETERS 
SECOND DERIVATIVE 
DETECTOR ARRAY OUTER VACUUM WALL 
CENTERING DISK 
SYPHON IMPEDANCE 
HEATER 
SYPHON TUBE 
HEATER TERMINALS 
Fig. 3. The SQUID magnetometer probe assembly 
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around the specimen at the experimental temperature, is split into three 
parts. The lower and upper parts which are wound in the same direction 
consist of one turn of superconducting wire while the middle part which 
is wound in opposite direction to the lower and upper parts consist of 
two turns of superconducting wire. The separation of the detector coil 
between the lower and upper parts is 2 cm. When a sample is moving 
through the detector coil in a uniform magnetic field set up by the 
superconducting magnet, a changing magnetic flux through the detector 
coil can be transferred to the rf-coil (in the SQUID) via the isolation 
transformer and signal coil in the SQUID. A changing magnetic flux 
through the rf-coil in which a Josephson junction is mounted as a weak 
link induces a voltage across the junction. 
The TCM has an accurate temperature control within 0.1 % between 2.1 
and 380 K. A calibrated platinum thermometer was used in the 40 - 380 
K temperature range, and a calibrated carbon-glass thermometer was used 
in the 2.1 - 40 K temperature range. The superconducting magnet system 
can provide a magnetic field up to ± 2 Tesla. 
E. ac Magnetic Susceptibility Measurements 
The ambient pressure magnetic ordering temperatures or 
superconducting transition temperatures were determined from low 
frequency (~ 25 Hz) ac magnetic susceptibility measurements in a 
conventional dewar for the 1.26 ~ 30 K temperature range. For the 
samples with lower transition temperature, measurements were performed 
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in a S. H. E. corporation He^-He^ dilution refrigerator^® down to 0.06 
K. A lock-in amplifier served to measure these signals and a germanium 
thermometer calibrated to an accuracy within 0.1 % was used to determine 
the temperatures. For magnetic materials, the extremum point was 
reported as the magnetic ordering transition temperature, T^. For 
superconducting materials, the mid-point of the transition is taken as 
the superconducting transition temperature, T^, and the transition width 
was defined as the difference between the 10 % and 90 % values. 
F. Low Temperature Heat Capacity Measurements 
A semi-adiabatic calorimeter using a standard heat-pulse technique 
was used to measure the low temperature heat capacity of the sample in 
this study. Details of this calorimeter are given elsewhere.Fig. 4 
presents the lower portion of the heat capacity cryostat combined with 
the gas handling system. The procedures of the low temperature heat 
capacity measurements are as follows. 
The sample of mass ~ 3 gram is clamped between the two halves of the 
gold-plated Cu addenda which was supported by a thin walled (0.005") 
nylon support. This nylon support has a poor thermal conductivity. For 
adiabatic reasons, the vacuum can using an indium 0-ring seal is pumped 
to about 5 X 10"^ torr. The He^ and He^ systems are also pumped clean 
before the cryostat is inserted into the helium dewar. 
The He^ system has an opening on top of the flange to allow liquid 
He'^ from the bath surrounding the vacuum to flow through a capillary to 
<- He 
He evaporator 
ÏÏ 
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Dirt, pump 
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Shield heater 
Liquid Be^ 
Radition shield 
Heat switch 
Sample 
Sample heater 
Liquid Ng ggS pu^p Diff. pump 
ro 
o 
Fig. 4. Gas handling system and heat capacity cryostat 
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a chamber partially-filled with sintered copper. As long as the liquid 
He^ covers the flange, pumping on this chamber will cool the He^ 
condenser/He^ evaporator (coneva) to about 1.2 K and continuously 
maintain this temperature. In the same way, the He^ system also has an 
opening on top of the flange to let the He^ gas flow through a chamber, 
which can precool the He^ gas to 4.2 K. Once the He^ gas flows through 
a 1/8" capillary, it condenses upon reaching the coneva. This liquid 
He^ then flows through an another 1/64" capillary to a bellows (He^ 
pot). Pumping on this bellows through the central support can provide a 
continuous circulation of He^ and enables the bellows and the sample to 
be cooled down to about 0.5 K. The ambient temperature of the sample 
can be controlled with the mechanical switch to the sample holder, the 
radiation shield and a heater wrapped on the radiation shield support. 
A Pt-W wire of ~ 0.001" in diameter and ~ 30" in length is wound 
onto the bottom half of the sample holder and serves as .the sample 
heater. The sample heater has a resistance of ~ 1000 S at room 
temperature. During each heat pulse, the voltage drop across the sample 
heater, a standard 1000 52 resistor and the duration of time can be 
recorded via a Keithley 192 programmable digital voltmeter and a 
commercial digital timer separately. The temperature change of the 
sample is determined on a strip chart recorder, which responds to the 
germanium resistance thermometer (CRT) of the sample. These data then 
can be analyzed through a program written in a HP-97 calculator to 
determine the total heat capacity of the addenda and the sample. 
Lastly, a general heat capacity program can be used to calculate the 
coefficient of electronic specific heat, y-
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III. CePtSi: A HEAVY FERMION COMPOUND 
A. Introduction 
The low temperature electronic, magnetic and physical properties of 
heavy fermion and dense Kondo systems have attracted much interest 
during the past few years.As a class of materials, the eight 
heavy-fermion systems (Y > 400 mJ/mol K^) known^'® to date all contain f 
electrons, have a large f-f atomic separation (> 0.4 nm), a high-
temperature susceptibility that follows a Curie-Weiss law, a large low 
temperature susceptibility compared to the normal metals, and a rather 
flat resistivity curve at T > 50 K or with a maximum value appearing at 
a temperature < 40 K. These eight systems go superconducting,^ '72,73 
magnetic,74-76 neither at low temperatures.For the known Ce-
based heavy-fermion systems, namely CeAlg, CeCu2Si2, and CeCug, all are 
nonmagnetic. In the course of our search for Ce-based new heavy fermion 
compounds, we have found that CePtSi displays the properties of both 
heavy-fermion and coherent Kondo systems. As determined from ac 
susceptibility measurements, this compounds has no magnetic or 
superconducting transition above 70 mK. Since the CePtSi compound 
crystallizes in a tetragonal LaPtSi-type structure with space group 
I4]^md,7® we introduce this structure first in this chapter. Then, we 
report the temperature dependence of the electric resistivity, static 
magnetic susceptibility, and heat capacity of polycrystalline CePtSi. 
In addition, electrical resistivity measurements on the isostructural 
LaPtSi have been made. 
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B. LaPtSi-Type Crystal Structure 
The equiatomlc RPtSi (R = La, Ce, Pr, Nd, Sm, and Gd) compounds 
crystallize in a tetragonal LaPtSi-type crystal structure with space 
group I4j^md first reported by Klepp and Parthl.^® As shown in Fig. 5, 
the LaPtSi type is a lattice equivalent ternary derivative of the ThSi2 
structure type. Pt and Si atoms are arranged in an ordered fashion on 
the Si sites in ThSi2, such that each Pt has three Si close neighbors 
and vice versa. The unit cell lattice parameters are a = 0.42490(3) nm, 
c = 1.4539(2) nm for LaPtSi and a = 0.41982(7) nm, c = 1.4488(3) nm for 
CePtSi (Ref. 78). The crystallographic data for LaPtSi are summarized 
in Table 1.. 
Table 1. Crystallographic data for LaPtSi 
Atom Position Point Symmetry x y z 
La 4(a) mm 0 0 0.0® 
Pt 4(a) mm 0 0 0.419(2) 
Si 4(a) mm 0 0 0.5850(4) 
^Fixed arbitrarily. 
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Fig. 5. Structure of LaPtSi 
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C. Sample Preparation and Characterization 
Samples were prepared by arc-melting on a water-cooled Cu hearth in 
one atmosphere of high purity argon gas in which a Zr button used as an 
oxygen getter had been previously arc-melted. Weight losses (<.02 %) 
during arc-melting were negligible. Each sample was wrapped in tantalum 
foil plus zirconium foil, sealed under argon in quartz tube and annealed 
for 4 days at 1250°C followed by a water quench to room temperature. 
Powder X-ray diffraction patterns with CuK^ radition indicated that each 
sample was single phase with no additional reflections. The lattice 
parameters of the unit cell were determined from powder X-ray 
diffraction patterns by the method of least squares using the eight most 
0 
intense reflections for 20 < 55 and including an internal silicon 
standard (a = 0.543083 nm). The lattice parameters a = 0.4202(1) nm, c 
= 1.4484(4) nm for CePtSi and a = 0.4250(1) nm, c = 1.4520(1) nm for 
LaPtSi were then obtained, in good agreement with the literature.^® 
D. Resistivity, Static Magnetic Susceptibility and Heat Capacity 
dc electrical resistivity measurements were made between 2.4 and 300 
K using a standard four-probe tchnique in a system fully automated for 
temperature stability and data acquisition.^^ The samples were small 
rectangular parallelpipeds of approximate dimensions 1x1x4 mm^. Data 
were taken with the current applied in both directions to eliminate 
possible thermal effects. All data presented are for the warming 
curves. Fig. 6 displays the temperature dependence of the resistivity 
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of CePtSi, LaPtSi and the magnetic resistivity of CePtSi. The 
magnetic resistivity was estimated by subtracting the resistivity of 
isostructural LaPtSi from that of CePtSi. A superconducting transition 
occurs in LaPtSi at a value of - 3.7 K, which is slightly higher than 
the reported value (3.3 K) obtained by ac susceptibility measurements.^^ 
The CePtSi resistivity curve, which is very similar to that of the heavy 
fermion UCd^ (Ref. 7), shows a rather flat temperature dependence in 
resistivity above 50 K and falls precipitously below 20 K. The magnetic 
contribution to the resistivity, p^, increases to a maximum value at 30 
K as temperature is lowered from room temperature. Upon further 
cooling, p^ decreases rapidly below 20 K. This decrease of p^ is 
attributed to the onset of coherence between Kondo states at Ce sites. 
The data for p^ are plotted as a function of ln(T) in Fig. 7. A ln(T) 
dependence is seen in the high temperature region, which is one of the 
characteristic features of dense Kondo systems. 
Fig. 8 presents the temperature dependence of the inverse dc 
magnetic susceptibility for the compound CePtSi measured in a field 
of 2.0 kOe between 2.4 and 300 K with a commercial SQUID magnetometer.^^ 
The high temperature data (T > 70 K) can be fitted to a linear Curie-
Weiss law with an effective moment of 2.56 + 0.05 Ug/Ce atom, a value 
sufficiently close to the free Ce"*"^ ion value to preclude intermediate 
valence, and a paramagnetic Curie temperature of -47 K. This large 
negative Curie temperature is consistent with the presence of a Kondo 
effect. The compound CePtSi has a large value of the low-temperature 
magnetic susceptibility (Xm(2.4 K) = 24.9 x 10"^ cm^/mol) in comparison 
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to normal metals which is also typical of heavy-fermion systems. 
In order to determine the value of y, the coefficient of the 
electronic heat capacity, the specific heat in zero field was measured 
in the temperature range from 1.7 to 30 K with an adiabatic heat-pulse 
technique. The mass of the sample used was 2.8 gram. The specific heat 
data plotted as C vs. T in Fig. 9 show no evidence for a low-temperature 
peak but rather a broad shoulder between 5 K and 8 K.. When replotted as 
C/T against T^ in Fig. 10, these specific data for CePtSi show an upturn 
below about 11 K and the higher-temperature data show a washed out peak, 
or shoulder around 21 K. At temperatures below 10 K we see the rapid 
increase in C/T that is characteristic of most heavy-fermion systems. 
One possible explanation for the anomaly in the higher-temperature data 
is low-lying crystal field excitations of the Ce+3 ground state. 
Attempts to fit these data for CePtSi to the equation C = yT + gT^ + 
ST^lnT using a least squares computer fit fail completely. This is not 
surprising since only one heavy fermion compound has specific heat data 
that can be fitted by including this additional spin-fluctuation term 
ST^lnT; namely, UPt2.73'80,81 xhere are other, non-heavy fermion 
systems such as UAI2 (Ref. 82,83) and TiBe2 (Ref. 84,85) where the spin 
fluctuation term successfully fits the data. For CePtSi, the 
temperature-dependent specific heat y is 670 mJ/mol at 1.7 K and the 
extrapolation to 0 K (see inset of Fig. 10) yields a value of 
approximately 800 mJ/mol K^, which is an enormous value, greater than 
any other ternary compound that remains non-superconducting non­
magnetic. This extrapolation yields only an estimate for y. We 
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note that for other Ce-based heavy-fermion compounds that do not exhibit 
superconductivity or magnetic order such as CeCug and CeAlg, C/T attains 
a maximum at about 0.5 K.B6,87 
E. Conclusion 
From the present study, we conclude that CePtSi is a heavy-electron 
and coherent Kondo lattice compound showing neither magnetic order nor 
superconductivity above 70 mK according to ac susceptibility 
measurements. This compound has a large value of the low-temperature 
magnetic susceptibility (X (2.4 K) = 24.9 x 10"^ cm^/mol) and an 
enormous coefficient of thé electronic specific heat y ~ 800 mJ/mol K^. 
To explore the behavior of this heavy-fermion compound CePtSi, two 
series of isostructural pseudoternary systems; namely, Ce(Pt]^_jjNijj)Si 
and CePt^Si, are investigated via the variations of lattice parameters, 
magnetic susceptibility and magnetic contribution to the resistivity. 
These lengthier study results are reported in Chapter IV and Chapter V. 
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IV. 4£-ELECTR0N DEHTBRIDIZATION AND THE HEAVY FERMION 
STATE IN THE SERIES Ce(Pti_^ix)Si 
A. Introduction 
Research on heavy Fermion materials has been an active field for the 
past few years.Because relatively few heavy-fermion metals are 
known, progress in understanding the origin of the behavior of the heavy 
fermion compounds is still developing. All. heavy-fermion systems have 
large f-f atomic separations (> 0.4 nm), which are much greater than the 
Hill limit^^ (.325 — .350 nm), yet for Ce-based heavy-fermion systems no 
magnetic order is observed.^'® The magnetic properties of the f-
electron metals, which are strongly affected by hybridization, have 
Pauli paramagnetism, spin fluctuation, Kondo lattice and local moment 
behaviors. Koelling et al. demonstrated that a f-electron hybridization 
mechanism may be responsible for the formation of the heavy fermion 
state.G Sampathkumaran and Vijayaraghavan successfully applied this 
theory to the results of Ce-ligand distances and magnetic susceptibility 
in the CeCu2_xNijjSi2 system.®® As reported in the previous Chapter, 
CePtSi is a heavy fermion and coherent Kondo lattice compound with a 
large value of the low temperature magnetic susceptibility 
= 24.9 X 10"^ cm^/mol and an enormous coefficient of the electronic 
specific heat y ~ 800 mJ/mol K^. This heavy fermion compounds shows 
neither magnetic order nor superconductivity above 70 mK.® In this 
Chapter, we explore the behavior of the heavy fermion ternary CePtSi by 
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studying the variations of the lattice parameters, magnetic 
susceptibility and magnetic contribution to the resistivity in the 
pseudoternary Ce(Pti_xNix)Si system. This pseudoternary system provides 
an excellent opportunity to investigate the 4f-hybridization mechanism 
of Koelling and coworkers because of the large 4f-4f interatomic 
separation (see Table 2) which are much greater than Hill limit.^3 
B. Sample Preparation and Characterization 
CePtSi as well as CeNiSi crystallizes in the LaPtSi-type tetragonal 
structure with space group lA^md.^B Thus an isostructural series 
Ce(Ptj^_jjNijj)Si (0 < x < 1) can be formed. To estimate the magnetic 
contribution to the resistivity of the compounds in the series 
Ce(Pt2_j{Nij{)f La(Pt2_}jNijj)Si compounds also have been made. Samples 
were synthesized from high purity elements by arc-melting together 
appropriate amounts of the components on a water-cooled Cu hearth in one 
atmosphere of high purity argon gas in which a Zr button used as an 
oxygen getter had been previously arc-melted. Due to the sufficiently 
low vapor pressures of these elements at the melting temperature of the 
pseudoternary compounds, evaporation losses can be neglected. Each 
sample was wrapped in tantalum (or molybdenum) foil plus zirconium foil, 
sealed under argon in a quartz tube and annealed for 4 days at 1200°C 
(for Pt-rich compounds) or for 7 ~ 10 days at 1000°C (for Ni-rich 
compounds). This heat treatment was followed by a water quench to room 
temperature. Powder X-ray diffraction patterns with CuK^^ radiation 
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indicated that each sample was single phase, with no impurity 
reflections. The lattice parameters of the unit cell were determined by 
the method of least squares^® using the eight most intense reflections 
for 29 < 55 and including an internal silicon standard 
(a = 0.543083 nm). The lattice parameters a, c and unit cell volume are 
reported in Table 2 for Ce(Ptj_j^Nij^)Si and Table 3 for La(Pt]^_jjNij^)Si. 
LaNiSi compound is a newly found compound which also crystallizes in 
LaPtSi-type crystal structure characterized by powder X-ray diffraction 
pattern in this work. Fig. 11 shows the lattice parameters a, c and 
unit cell volume of both series as a function of the Ni content. For x 
< 0.5, the variations of the cell parameters of the compounds 
Ce(Pt]^_jjNijj)Si follow the same linear decrease as observed for the 
La(Pt]^_jjNijj)Si compounds. For x > 0.5, the parameter a as well as the 
volume for the compounds Ce(Pt2_j^Nij^)Si decreases faster than that of 
the La(Pt]^_jjNijj)Si compounds. This is an indication of an intermediate- . 
valence state of cerium in this compound for x > 0.5. In fact, the 
behavior of the mixed-valence state of Ce in the compound CeNiSi is 
evident in another kind of plot with the cube root of the lattice volume 
of the compounds RNiSi (R = La, Ce, Pr, Nd) as a function of the ionic 
radii of the trivalent rare earth elements.CeNiSi does not 
obey a linear relationship in this plot. Because the hypothetical 
tetravalent lattice constant is unknown, it is difficult to make an 
estimate of the Ce valence in CeNiSi from these data. The effect of 
this abnormal decrease in the lattice parameter a is readily detected in 
the low temperature magnetic susceptibility and resistivity 
measurements. 
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Table 2. Lattice parameters,® the shortest Ce-Ce distances, T^^^ values 
and the resistivity at T = 300 K in the series Ce(Pt2_jjNijj)Si 
Composition a c V Ce—Ce m b max T c max P(300) 
(X) (nm) (nm) (nm^) (nm) (K) (K) (yS cm) 
0.0 0.4202(1) 1.4484(4) 0.2558(1) 0.4186 — 30 690 
0.1 0.4195(1). 1.4450(5) 0.2543(1) 0.4177 — 28 565 
0.2 0.4184(1) 1.4398(3) 0.2520(1) 0.4163 — 40 850 
0.3 0.4178(2) 1.4358(8) 0.2506(2) 0.4153 35 55 885 
0.4 0.4161(1) 1.4304(3) 0.2476(1) 0.4137 60 67 495 
0.5 0.4153(1) 1.4271(3) 0.2461(1) 0.4128 70 75 1120 
0.6 0.4137(1) 1.4208(4) 0.2432(1) 0.4110 120 120 470 
0.7 0.4121(1) 1.4163(2) 0.2406(1) 0.4096 160 160 530 
0.9 0.4088(1) 1.4080(4) 0.2353(1) 0.4070 265 265 1065 
1.0 0.4067(1) 1.4029(1) 0.2321(1) 0.4054 320 320 670 
®The number given in parentheses is the standard deviation in the 
least significant digit(s) of the reported value. 
^Determined by magnetic susceptibility data. 
^Determined by magnetic resistivity data. 
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Table 3. Lattice parameters,® superconducting transition temperature T^ 
and the resistivity at T = 300 K in the series La(Pt2_jjNijj)Si 
Composition a c V T b c P(300) 
( X )  (nm) (nm) (nm^) (K) (pa cm) 
0.0 0.4250(1) 1.4520(1) 0.2623(1) 3.20 ~ 3.40 625 
0.1 0.4247(1) 1.4483(1) 0.2612(1) 3.18 - 3.28 195 
0.2 0.4241(1) 1.4442(3) 0.2597(1) 2.81 ~ 2.83 280 
0.3 0.4232(1) 1.4392(3) 0.2578(1) 2.71 ~ 2.84 285 
0.4 0.4228(1) 1.4348(4) 0.2565(1) 2.56 ~ 2.70 190 
0.5 0.4219(1) 1.4306(5) 0.2547(1) 2.20 ~ 2.37 320 
0.6 0.4211(2) 1.4245(8) 0.2526(2) 1.90 ~ 1.99 205 
0.7 0.4203(2) 1.4199(10) 0.2508(2) 1.62 ~ 1.67 150 
0.9 0.4191(1) 1.4127(6) 0.2482(2) 1.26 ~ 1.29 100 
1.0 0.4181(1) 1.4069(8) 0.2460(1) 1.20 ~ 1.26 . 100 
®The number given in parentheses is the standard deviation in the 
least significant digit(s) of the reported value. 
^Determined by ac susceptibility measurement, 10-90% values. 
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C. Susceptibility Anomalies due to Valence Fluctuations 
Figs. 12-13 present the temperature dependence of the molar magnetic 
susceptibility for ten compounds in the series Ce(Pt]^_jjNi^)Si 
measured in a field of 2.0 kOe between 2.4 and 300 K (Ref 92) with a 
commercial SQUID magnetometer.^^ The salient feature of the magnetic 
susceptibility curves is the presence of one broad peck for each sample 
with X > 0.2. The positions of these peaks on the temperature scale 
depends on the molar fraction of the constituent Ni. For x < 0.2 the 
peak, which we expect will occur at lower temperatures, is obscured by 
the rather rapid increase of value at low temperatures. This 
increase may be due to the increasing strength of the RKKY interaction 
at low temperatures because of the tendency to form local moments as x 
decreases. However, the strength of this interaction is still not 
sufficient to result in magnetic ordering. In fact, the rather rapid 
increase in X^, as T approaches 0 K is a general feature of heavy fermion 
systems. This property has been discussed by Gschneidner for the spin 
fluctuation compound CeSn^ (Ref. 93). These characteristic temperatures 
(Tmax) represented by the point at which X^ exhibits a local maximum are 
reported in Table 2 and are plotted as a function of the lattice 
parameter a in Fig. 14. along with the T^ax values obtained from 
magnetic resistivity data. The observed T^^^ value, which can be 
treated as a measure of the spin-fluctuation temperature Tg^^^, 
increases as the lattice volume decreases. This is in good agreement 
with what is generally observed on the relatioship between T^g and 
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lattice volume.As expected from lattice parameter data, an 
obvious kink is observed at the lattice parameter a = 0.4153 nm 
(corresponding to x = 0.5) and = 70 K in Fig. 14. Therefore we 
conclude that the system is in a mixed-valence regime when Tgj > 70 K or 
in a Kondo-lattice regime when Tg^ < 70 K. The consistency of this 
behavior has been pointed out by Brandow.^^ By extrapolation (see Fig. 
14) the Tg£ value of CePtSi can be estimated to be about 6 K. We find 
this value turns out to be nearly the same as the characteristic 
temperature found for the nonmagnetic, nonsuperconducting heavy fermion 
systems CeAlg, CeCug and CeCu2Si2 by volume magnetostriction method. 
This close relationship between the lattice volume and the magnetic 
behavior is easily be seen in Fig. 11 and Fig. 14. 
D. Resistivity Anomalies due to Valence Fluctuations 
dc electrical resistivity measurements were made between 2.4 and 300 
K using a standard four-probe technique in a system fully automated for 
temperature stability and data acquisition.^^ 20 samples of 
La(Pt]^_^Ni^)Si and Ce(Ptj^_jjNijj)Si have been measured. The data of the 
La-based compounds were taken in order to estimate the phonon 
contribution to the resistivities of the Ce-based samples. Figs. 15-18 
present the normalized resistivity at T = 300 K vs temperature for these 
samples. The resistivities at T = 300 K are listed in Table 2 and Table 
3. An interesting phenomenon is that all the La-based compounds are 
superconducting. The superconducting transition temperature T^ 
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determined by ac susceptibility measurements are listed in Table 3 and 
plotted in Fig. 19. The T^ values decrease nearly linearly from LaPtSi 
(Tg = 3.3 K) to LaNiSi (T^ = 1.2 K) and the transition width for all the 
La-based compounds is less than 0.2 K. Since the residual resistivity 
due to lattice imperfections in the series Ce(Ptj^_jjNij^)Si is very hard 
to determine because of the existence of Kondo scattering, we suppose 
the residual resistivity due to lattice imperfections is approximately 
the same in these Ce-based and La-based compounds. The magnetic 
resistivities of the Ce(Pt2_^Ni^)Si compounds were then obtained by 
subtracting the the resistivities of the La(Pt2_xNi^)Si compounds. 
Figs. 20-21 display the normalized magnetic resistivity at 300 K versus 
temperature for the samples CeCPt^.^Nix^^^* The most prominent feature 
of these magnetic resistivty curves observed in Ce(Pt2_j{Nijj)Si is the 
presence of a broad peak in each curve. The T^^^ values are listed in 
Table 2 and plotted in Fig. 14 as a function of lattice parameter "a" 
accompanied with the T^^^ values obtained from the magnetic 
susceptibility data for comparison purposes. Looking at the position of 
the Tj^ax^Pm^' find that it drifts toward the high temperature side 
with increasing x. Compared to the T^^^ values obtained from the 
magnetic susceptibility data, the T^ax^^m^ value obtained from magnetic 
resistivity data are equal to T^ax^^m^ i" the intermediate valence 
regime and are larger than T^ax^^m^ i" the spin-fluctuation Kondo 
lattice regime. The T^gx^^m^ has been assumed by some authors to be 
directly related to the value of the Kondo temperature If 
this is correct, Tj^ax^^m^ is not a function of Tj^ alone in the spin-
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fluctuation Kondo lattice regime. It would seem reasonable to divide 
the into two regions: (1) a high-temperature intermediate-
valence region where plays a dominate role in deciding the position 
of Tjjjgjj(Xn,) » (2) a low-temperature Kondo lattice region where Tj^ and 
^RKKY determine the position of 
E. Conclusion 
In conclusion, the system Ce(Pt]^_j^Nijj)Si is an advantageous one for 
studying the influence of 4f-electrons on the electronic properties. In 
addition, magnetic properties of narrow band metals ranging from heavy 
fermions to spin fluctuation systems to mixed-valence materials are 
displayed in the series Ce(Pt]^_jjNij^)Si. This implies that Ce-4f 
dehybridization with the neighboring ligands in Ce(Pt]^_jjNij^)Si is 
associated with the formation of the heavy fermion ground state. As was 
previously pointed out,® the heat capacity data of CePtSi could not be 
fitted with the form yT + + ST^lnT. The most plausible 
interpretation would be that since the Ce ions form a periodic array in 
CePtSi, one must consider the effect of a dense Kondo system in which 
the spin fluctuation Kondo effect and RKKY interaction coexist. The 
importance of this effect is evident in the magnetic susceptibility data 
for X < 0.2 in the series Ce(Pt]^-jjNijj)Si. Therefore, the heavy fermion 
is believed to be in a state which dominates the spin fluctuation Kondo 
lattice and has a relatively strong RKKY interaction. Although not 
sufficiently strong to result in magnetic ordering, the RKKY interaction 
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can contribute a large amount of heat capacity at low temperatures. For 
example, in the ferromagnetic dense Kondo compound CeSi^gg, the entropy 
associated with magnetic ordering accounts for only 17 % of the total, 
and the heat capacity shows a sharp peak.^^ 
Related to this work on the pseudoternary compounds Ce(Pt]^_jjNijç)Si 
is the system CeSi^ (1.80 < x < 1.90) (Ref. 98). These binary cerium 
silicides crystalize in the closely related ThSi2-type structure.^® For 
the ternary LaPtSi-type compounds. Ft and Si are distributed in an 
ordered fashion on the two Si sites of the ThSi2-type structure. For 
CeSijj, the dominant mechanism for 4f-electron delocalization is also 4f-
ligand hybridization associated with a decrease in the number of 
vacancies. In order to explore further the importance of the 4f-
electron hybridization, we investigate the pseudoternary systems where 
atomic substitution techniques can be used to weaken the 4f-ligand 
hybridization. 
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V. EVOLUTION OF HEAVY FERMION BEHAVIOR IN THE SERIES 
CePtjjSi — A FERROMAGNETIC DENSE KONDO SYSTEM 
A. Introduction 
We have reported in Chapter IV that CePtSi is a heavy fermion and 
coherent Kondo lattice compound. Evidence also has been found for the 
transition from heavy fermion behavior to mixed-valence state in and 
in the series Ce(Pt2_xNlx)Si.^^ In order to get a better 
understanding about the heavy fermion state found in CePtSi, an 
investigation has been made on CePt^Si (0.70 < x < 1.0). According to 
our study, the LaPtSi-type crystal structure is stable in a wide range 
of non-stoichiometric composition. Referring to the LaPtSi-type crystal 
structure figure shown in Chapter IV, it is reasonable to expect that 
the deficiency of Pt will cause a change of the number of electrons in 
the conduction band. Since the intermediate valence state is believed 
to occur due to the proximity of the 4f level to the Fermi energy level, 
it is interesting to see how the magnetic behavior found in CePtSi 
changes with Pt deficiency. In this Chapter, we report the results of 
our systematic investigation on crystal structure, M-H curves (including 
hysteresis curves) magnetic susceptibility and resistivity in the series 
CePtjjSi where 0.70 < x < 1.0. One of the most interesting aspects of 
this system is that for x < 0.96, the system undergoes a ferromagnetic 
transition at around - 5 K. Furthermore, the magnetization 
measurements revealed a large reduction of the Ce magnetic moment. 
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characteristic of ferromagnetic dense Kondo systems. The Kondo behavior 
exists in resistivity data and is consistent with observations in 
magnetization measurements. This is the first evidence for the 
transition from heavy fermion behavior to a ferromagnetic dense Kondo 
state. 
B. Sample Preparation and Characterization 
Fourteen samples studied here are polycrystalline specimens obtained 
by melting appropriate amounts of elements in an arc furnace under an 
argon atmosphere. Homogenization was achieved by repeated remelting. 
Weight losses were negligible in this process. Each sample was wrapped 
in molybdenum foil plus zirconium foil, sealed under argon in a quartz 
tube and annealed for 85 hours at 1200°C, followed by a water quench. 
To ensure that no contamination of samples occurred with Mo on the 
surface, samples were cleaned by using sand paper. Powder X-ray 
diffraction patterns with CuK^^ radiation indicated that each sample was 
single phase, with no impurity reflections. The only difference in the 
powder X-ray diffraction pattern among these samples is that the first 
two lines (101) and (004) become relatively weaker as x decreases. The 
lattice parameters of the unit cell were determined by the method of 
least squares^® using the eight (or six) most intense reflections for 20 
0 
< 55 and including an internal silicon standard (a = 0.543083 nm). The 
lattice parameters thus obtained are listed in Table 4 and plotted in 
Fig. 22. The nearly linear decrease in unit cell volume as x decreases 
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Table 4. Lattice parameters, magnetic ordering temperature T^, T(p^gjj) 
and resistivity at T = 300 K in the series CePt^Si 
Composition a c V Tm ''max) p(300) 
( X )  (nm) (nm) (nm^) (K) (K) (m 2  cm) 
1.00 0.4202(1) 1.4484(4) 0.2558(1) _a 30^ 690 
0.97 0.4199(1) 1.4487(2) 0.2554(1) _c 
0.96 0.4199(1) 1.4477(4) 0.2553(1) 5.2 
0.95 0.4198(1) 1.4482(2) 0.2552(1) 4.5 
0.94 0.4199(1) 1.4482(3) 0.2553(1) 5.6 
0.92 0.4197(1) 1.4492(3) 0.2552(1) 4.5 
0.90 0.4196(1) 1.4487(3) 0.2550(1) 5.5 
0.89 0.4196(1) 1.4485(3) 0.2550(1) 4.7 
0.88 0.4193(1) 1.4493(3) 0.2548(1) 4.8 
0.86 0.4192(1) 1.4491(6) 0.2547(1) 5.0 
0.85 0.4192(1) 1.4495(3) 0.2547(1) 5.3 20 1670 
0.80 0.4189(1) 1.4495(3) 0.2543(1) 5.8 3 455 
0.75 0.4187(1) 1.4493(3) 0.2540(1) 5.7 
0.70 0.4184(1) 1.4496(4) 0.2538(1) 5.6 _d 390 
^Measured down to 70 mK, no magnetic transition was observed. 
^Magnetic resistivity peak (Ref. 8). 
^Measured down to 1.26 K, no magnetic transition was observed. 
"^Measured down to 2.4 K, no resistivity peak was observed. 
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unambiguously shows that the non-stoichiometry results from the 
vacancies. The small fluctuation in lattice parameter c may be due to 
vacancies existing on both Pt and Si sites. 
C. Magnetization, Hysteresis Loop and Susceptibility 
The ambient pressure magnetic ordering transition temperatures, 
Tjjj's, of the samples were determined from low frequency (~ 25 Hz) ac 
magnetic susceptibility measurements in a conventional He^ dewar for the 
temperature range between 1.26 and 30 K. A commercial He^-He^ dilution 
refrigerator was used to measure the lower samples for the range from 
70 mK to 5 K. In each case, temperatures were determined by means of 
calibrated Ge thermometers known to be accurate to within 0.1 %. The 
peak point of the transition is taken as the magnetic ordering 
transition temperature. The data thus obtained are listed in Table 4 
and plotted in Fig. 23. A very sharp transition in composition from 
non-magnetic to magnetic ordering is found between x = 0.96 and 0.97. 
For X = 0.97 no magnetic ordering was observed down to 1.26 K and for x 
= 0.96 the magnetic ordering transition temperature was found to be 5.2 
K. In order to clarify the magnetic ordering state found in CePt^Si (x 
< 0.96), the magnetization measurements of a polycrystal CePtg ySi ingot 
(mass = 64.1 milli-grams) sample were taken in static fields up to 5.4 
Tesla at T = 2.0 K. The magnetization curve and the hysteresis loop of 
the sample CePtg ySi, both taken at 2.0 K, clearly demonstrate the 
existence of a ferromagnetic component in this state and are plotted in 
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Fig. 23. Magnetic ordering temperature, T^, as a function of Pt 
constituent in the system CePt^Si. No magnetic order 
was observed above 1.26 K and 70 mK for x = 0.97 and 
X = 1.0 respectively, as represented by the open circles 
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Figs. 24-25. A remarkable feature to be noted in Fig. 24 is that the 
saturation magnetic moment (~ 0.18 Mg/Ce atom, estimated by 
extrapolation) is much smaller than the free ion value for Ce^"*" (gjjpg = 
2.14 Pg). For the known ferromagnetic dense Kondo systems, e.g., 
CeSijj,^^ CePt,^® and CeGe2,^^ they also have a small saturation moment -
0.3, 0.74 and 0.75 yg/Ce atom respectively. Since the crystal field 
effect alone cannot account for the observed reduction in the saturation 
moment, the interpretation of our data is that the Kondo effect reduces 
the magnetic moment and, at lower temperatures the RKKY interaction 
dominates to yield a magnetic ordering. 
The static magnetic susceptibility of each sample was measured in a 
field of 2.0 kOe between 2.4 and 300 K with a commercial SQUID 
magnetometer. Fig. 26 depicts the vs. T for the CePt^Si alloys with 
X = 1.0, 0.97, 0.95, 0.88, 0.85 and 0.70. The high temperature 
susceptibility of all the samples can be fitted very well with the 
Curie-Weiss law X^, = C'/(T + 0), where C is the Curie constant and 0 
may be considered as a characteristic temperature determined by the 
strength of the s-f mixing interaction. Below about 10 K, all samples 
for X < 0.97 show a rather sharp increase of the magnetic susceptibility 
(see inset of Fig. 26). We attribute these deviations from Curie-Weiss 
law at low temperature (< 70 K) to the combined results of crystal field 
splitting of the J = 5/2 multiplet level of Ce and the spin fluctuation 
(Kondo state) of the Ce 4f level. The effective moment Ugff = 2.56 
yg/Ce and the occurrence of ferromagnetic order indicate the trivalent 
nature of Ce over the entire x range. 
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D. Resistivity 
Electrical resistivity measurements (dc) were made on rectangular 
samples of uniform thickness (approximate size 6x1x1 mm^) using a 
standard four-probe technique between 2.4 and 350 K. Data were taken 
with the current applied in each direction to eliminate possible thermal 
effects. Fig. 27 presents the resistivity curves (normalized at 300 K) 
of the three ferromagnetic compounds CePt^Si (x = 0.70, 0.80 and 0.85) 
along with the heavy fermion compound CePtSi. The most striking feature 
of the resistivity curves is that the resistivity of CePtg ySi decreases 
from 2.4 K to 350 K. No local maximum or local minimum was observed in 
this range. For x = 0.8, the maximum occurs at T = 3 K and the local 
m i n i m u m  o c c u r s  a r o u n d  T  =  3 3 0  K .  W h e n  x  i n c r e a s e s ,  t h e  T ( v a l u e  
increases, but the T(value decreases. For x = 0.85, the maximum 
occurs at T = 20 K and the local minimum occurs at 140 K. The 
development of a resistivity minimum is reminiscent of Kondo-like 
behavior. This implies the Kondo anomalies still exist in the 
ferromagnetic regime. We attribute the small resistance ratio 
(^300^^4.2) the increase in p at low temperatures because of Kondo 
scattering and magnetic ordering. Because there is no established 
theoretical treatment for a dense Kondo system, the T(P^^^) value has 
been assumed by some authors^®''^^''^® to be directly related to the value 
of the Kondo temperature Tj^. However, Schilling believes that the 
Rudermann-Kittel-Kasuya-Yosida (RKKY) interaction between Ce ions plays 
an important or even dominant role in determing the value of T(P^g^) 
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In this CePtjjSi system, we find that the ferromagnetic ordering 
temperatures for 0.70 < x < 0.96 are nearly the same (T^ ~ 5 K, see 
Table 4). This indicates the influence of the increase of vacancies on 
^RKKY negligible. Therefore it seems that T^ plays a dominant role 
in deciding the position of T(Pmax) the system CePtySi. 
E. Conclusion 
In this Chapter, we reported the crystal structure and the results 
of our measurements in magnetic susceptibility and resistivity for the 
CePtjjSi system. The reduction in the magnetic moment and the 
resistivity curve behavior suggest a Kondo effect. This is the first 
evidence for the transition from heavy fermion behavior to a 
ferromagnetic ordering state in this system. 
A gradual progression from spin/valence fluctuation to magnetically 
ordered Kondo regime takes place in the two systems Ce(Pt]^_jjNij^)Si and 
CePtjjSi. It will be interesting to see how the heat capacity changes in 
the transition region from mixed-valence fluctuation state to spin 
fluctuation Kondo lattice state and from spin fluctuation Kondo lattice 
state to ferromagnetic Kondo lattice state. Future work would be the 
determination of the heat capacity contributed from the RKKY interaction 
in the heavy fermion system CePtSi. 
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VI. COMPETITION BETWEEN THE KONDO EFFECT AND EXCHANGE 
INTERACTIONS IN THE SYSTEM CeSi* 
A. Introduction 
The nature of the low temperature states of alloys in the series 
CeSijj (1.60 < X < 2.00) has been the focus of numerous recent 
experimental studies.^ ^'^^'^S-llO ceSi2> which crystallizes in the a-
ThSi2-type structure (I4]^/amd), admits considerable vacancies on the Si 
sublattice while still retaining its tetragonal symmetry. At room 
temperature below a silicon concentration of x = 1.75, a 
crystallographic distortion occurs and the alloys have the orthorhombic 
GdSi2-type structure (Imma). The variation in composition also directly 
affects the low temperature properties of these alloys resulting in 
magnetic order at lower Si concentrations (x < 1.85). 
Yashima and coworkers^^'proposed that for CeSi^ yg and CeSi^ gg, 
the magnetically ordered state may be understood on the basis of a 
ferromagnetic dense Kondo system in which the regular sublattice of Ce 
atoms orders via the RKKY interaction while the Kondo effect reduces the 
magnetic moment (~ 0.3 Ug/Ce atom). The preservation of an intact, 
periodic array of Ce atoms across the entire series CeSi^ makes this 
system ideal for studying the competition between the Kondo effect and 
magnetism which occurs through the RKKY interaction. Both of these 
effects arise from the exchange interaction between the conduction and 
4f electrons. 
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The electrical resistivity has been shown to be especially sensitive 
to the development with temperature of the single-impurity Kondo 
resonance as well as the RKKY interaction strength. In this Chapter, we 
present a detailed experimental study of the temperature dependence of 
the electrical resistivity for twelve alloys in the system CeSi^ (1.60 < 
X < 1.90). Few resistivity measurements have been reported for these 
m a t e r i a l s ,  a n d  t h e n  o n l y  o n  i s o l a t e d  c o m p o s i t i o n s . T h e  
preponderance of experimental data focuses on magnetic susceptibility 
and heat capacity experiments. Since Kondo-like behavior is evident in 
these materials, a comparative, self-consistent set of resistivity data 
is necessary to fully understand the nature of the low temperatures 
states of Ce in the series CeSi^. 
B. Experimental Details 
The samples in the Ce based system were prepared by arc-melting 
stoichiometric amounts of the elements. These large ingots (- 10 g) 
were then drop cast into right circular cylinders suitable for heat 
capacity experiments. Each sample was sealed under vacuum furnace at 
1100 C for 18 days. After this time period, the furnace power was 
turned off and the samples allowed to cool to room temperature. The 
cooling process lasted about one hour. Small rectangular parallelpipeds 
of approximate dimensions (1x1x5 mm^) were cut from these master 
ingots using a slow speed diamond wheel and used for the resistivity 
measurements. Some corresponding samples in the LaSi^ series were also 
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prepared by arc melting. These smaller ingots (- 1 g) were annealed at 
1000°C for 20 days. 
The lattice parameters of the unit cell were determined from powder 
X-ray diffraction patterns by the method of least squares using 12 
reflections and including an internal silicon standard (a = 0.543083 
nm). Except for CeSi^ gg, no impurity reflections were observed. In 
the case of CeSij gQ we have exceeded the limit of the homogeneity range 
for this phase. Photomicrographs taken on the Ce-based alloys confirm 
the single-phase nature of these samples for 1.67 < x < 1.90. The 
CeSi2,oo alloy was also prepared, but it was found by metallography to 
consist of two phases and thus no physical property measurements were 
made on this sample. Table 5 presents the lattice parameters of all 
samples used in this study along with other experimental quantities 
discussed below. Yashima and Satoh^^Z have reported the variation of 
the lattice parameters as a function of the Si concentration from x = 
2.00 to X = 1.70. Their values for the "a" parameter are in good 
agreement, but their "c" parameters differ by ~ 0.02 nm, our values 
being larger. More disturbing is the fact that their "c" parameters 
increase with decreasing x. Since this material becomes deficient in Si 
as the X value decreases, a decreasing c with decreasing x would more 
reasonably be the expected trend. The variation of the crystallographic 
parameters as a function of composition for the CeSi^ alloys is shown in 
Fig. 28. The tetragonal-to-orthorhombic transformation which occurs 
between x = 1.75 and x = 1.80 is readily detected. It is also evident 
that as the number of Si vacancies increases (i.e., as the Si content 
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Table 5. Lattice parameters®, magnetic ordering temperatures, and 
resistivity values for CeSi^ compounds 
Composition a b c V Tm P(300) 
( X )  (nm) (nm) (nm) (nm^) (K) (W R cm) 
1.90 0.4191(2) 1.3889(6) 0.2440(2) _b 910 
1.88 0.4188(1) 1.3886(4) 0.2435(1) _b 640 
1.86 0.4185(1) 1.3865(4) 0.2428(1) _b 374 
1.85 0.4181(1) 1.3866(5) 0.2424(1) 1.0 2136 
1.84 0.4178(1) 1.3856(4) 0.2419(1) 5.1 910 
1.83 0.4178(1) 1.3854(3) 0.2418(1) 5.5 730 
1.82 0.4176(2) 1.3848(5) 0.2415(1) 8.4 630 
1.80 0.4175(2) 1.3852(7) 0.2414(1) 12.6 390 
1.75 0.4192(2) 0.4132(3) 1.3870(8) 0.2402(3) 11.9 188 
1.72 0.4196(1) 0.4114(3) 1.3920(4) 0.2403(2) 11.6 737 
1.70 0.4195(2) 0.4119(2) 1.3905(6) 0.2403(2) 11.6 265 
1.67 0.4190(2) 0.4115(3) 1.3904(7) 0.2397(2) 11.8 . 410 
1.60 0.4189(5) 0.4119(2) 1.3886(14) 0.2396(3) 11.8 370 
®The number given in parentheses is the standard deviation in the 
least significant digit(s) of the reported value. 
''Does not order down to 50 mK. 
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decreases) the Ce-Ce distances along the c-axis decreases from 0.4056 nm 
at CeSij 9Q to 0.4044 nm at CeSi^^O 0.4039 nm at CeSi^ gy " 
(considering only the shortest distance in the orthorhombic cell). The 
corresponding distances in the basal plane are 0.4191, 0.4175 and 0.4115 
nm respectively. In CeSi^ the various distances are 0.4039 nm in the 
c-direction, a-face; 0.4059 nm in the c-direction, b-face; 0.4115 nm in 
the b-direction; 0.4190 nm in the a-direction. 
Electrical resistivity measurements (dc) were made between 2.4 and 
300 K using a standard four-probe technique in a system fully automated 
for temperature stability and data acquisition.^^ Data were taken with 
the current applied in both directions to eliminate possible thermal 
effects. The magnetic ordering temperatures were determined from ac 
susceptibility measurements on powdered samples placed in either a 
standard ^He cryostat or a dilution refrigerator^® for temperatures 
below 1.1 K. 
C. Results and Discussion 
Normalized resistivity data for twelve alloys with distinct Si 
concentrations are presented in Figs. 29-30. Data for CeSi^ gQ appear 
in both figures to provide a comparison between the graphs. Data for 
the LaSiy compounds are not presented since they are devoid of any 
interesting features. For example, LaSi^ gq has a monotonie resistivity 
versus temperature that varies essentially linearly from a residual 
value of 44 y 52 cm at 10 K to 140 M S cm at 300 K. Referring to Fig. 29, 
74 
Q. 0.6 
I CeSi|_8o 
V CeSi 
X Ce Si 
A CeSi 
100 150 200 
TEMPERATURE (K) 
Fig. 29. Electrical resistivity normalized to the value at 
room temperature as a function of temperature for 
five alloys in the system CeSi^ 
75 
0.8 
O 
o 
ro 
<4. 
0.6 
CeSi I 0.4 
0.2 
CeSi ,_gg 
100 150 200 
TEMPERATURE (K) 
250 50 300 
Fig. 30. Electrical resistivity normalized to the value at 
room temperature as a function of temperature for 
eight alloys in the system CeSi^ 
76 
we note that the presence of a sharp cusp in the p versus T data 
corresponds directly to the onset of magnetic order. The magnitude of 
this peak grows as x approaches 1.80. With one exception, the position 
of this peak is in excellent agreement with the magnetic transition 
temperature detected from ac susceptibility measurements (see Table 5). 
Only CeSi^ gQ fails to display a cusp in the resistivity data. This is 
probably due to the presence of secondary, impurity phases in this 
sample which dilute any sharp features in the transport properties. 
In the concentration range shown in Fig. 29 (1.67 < x < 1.80), the 
magnetic ordering temperature remains essentially constant (see Table 
5). This may be due to the fact that in the orthorhombic phase the 
average Ce-Ce distance in the c-direction (0.4049 nm) increases slightly 
from that in CeSi^ gg (0.4044 nm) which has the tetragonal structure. 
Although one Ce-Ce distance in the c-direction (a-face) decreases, the 
other Ce-Ce separation (c-direction, b-face) increases, and it may be 
this competition which keeps T^ constant. The effect of this 
competition is illustrated clearly in Fig. 31 where T^ is plotted 
against the shortest Ce-Ce separation distance. For the tetragonal 
phase there is a definite correlation between this distance and T^ which 
is exceptionally sensitive to the Ce-Ce separation. Indeed, the data 
indicate that if the orthorhombic transformation were not present, one 
would expect the ordering temperature to continue to increase as the Ce-
Ce distance was reduced. The onset of the orthorhomic phase arrests 
this sensitivity since T^ remains essentially constant for the 
orthorhombic alloys while the shortest Ce-Ce separation continues to 
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Fig. 31. Magnetic ordering temperature, T^, versus the 
shortest Ce-Ce separation distance 
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decrease. However, as noted above, there are two Ce-Ce separations 
along the c-axis and they compensate for each other. As the Si content 
is increased beyond x = 1.80, the magnetic interactions responsible for 
ordering weaken, resulting in a rapid decrease in the ordering 
temperature, Tj^. This again can be correlated with the increasing Ce-Ce 
separation as the Si content increases (from 0.4044 nm for CeSi^ QQ to 
0.4056 nm for CeSi^ gg in the c-direction). This loss of magnetic order 
is reflected in the resistivity data of Fig. 30 where the sharp peak for 
the CeSi^ gQ sample gives way to an increasingly rounded maximum which 
becomes less prounced as Si content increases above x = 1.80. The 
position of the maximum resistivity also increases with increasing x so 
that it is no longer corresponds to the value of T^^. Indeed, the 
highest Si concentration which exhibits magnetic order (x = 1.85, T^ = 
1.0 K) shows a resistivity maximum which occurs at about '45 K, well 
above the ordering temperature. Therefore, while the presence of a low 
temperature maximum in the resistivity data exists in the presence of 
magnetic order, it is only a sharp peak in the resistivity that 
accurately marks the correct magnetic ordering temperature. 
To illustrate the competition between the RKKY exchange interactions 
which are responsible for long-range magnetic order in this system and 
the Kondo-type interactions which favor a nonmagnetic ground state, we 
plot the values of the magnetic ordering temperature, T^, and the Kondo 
temperature, T^ in Fig. 32. We obtain a self-consistent estimate of T^ 
by using the temperature of maximum in the resistivity versus 
temperature curve. This method may overestimate values of Tj^ for the 
79 
T(K) T(K)  CeSi V 2000 
20 200 
1000 
lO 
1.80 1.85 1.90 
100 
1,65 1.70 1.75 1.80 1.85 1.90 
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compounds where ~ T^j (i.e., x < 1.80) since the sharp drop in the 
resistivity that marks the onset of magnetic order at low temperatures 
tends to obscure the Kondo maximum. However for these compositions 
is small, and any uncertainty introduced by this method is unimportant 
with respect to the overall conclusions. Using various expressions 
involving the magnetic susceptibility and heat capacity, Yashima and 
coworkers^^ obtain estimates of for five alloys in the series CeSi^. 
While their estimates vary considerably depending on the method used, 
their overall trend of Tj^ versus composition agrees with our data 
presented in Fig. 32. 
The room temperature resistivity versus composition dependence in 
the tetragonal phase region shows a sharp maximum at x = 1.85, see inset 
of Fig. 32. Because microcracks may be present in these samples (which 
could be formed by anisotropic contraction during the cooling of the 
samples to room temperature or possibly when cutting the samples for 
resistivity measurements), the peak in p(300) versus composition may not 
reflect the intrinsic properties of the samples. However, for the x = 
1.85 composition, we measured this exceptionally high resistivity on two 
distinct pieces cut from a master ingot. In addition, low temperature 
heat capacity data show a broad peak in the electronic specific heat 
constant versus composition plot at x = 1.85.^7'103 xhis confirms our 
belief that the sharp maximum in p(300) which occurs at the composition 
where magnetic order appears is real. This high resistivity sample 
marks the cross-over from magnetic to non-magnetic behavior of the heavy 
4f electrons. It may be possible that a metal-insulator transition 
driven by the heavy electrons occurs near this composition. 
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We have also examined the effect of subtracting the resistivity data 
of LaSijj from those of CeSi^ for a given concentration;, thus obtaining 
the magnetic contribution to the resistivity. This procedure leaves the 
position of the resistivity maximum unchanged, while making the maximum 
itself more pronounced. For the highest concentration, we have utilized 
this technique to obtain an accurate determination of the temperature at 
which the maximum in the resistivity occurs. Referring to Fig. 32, as 
the Si concentration increases, T^ remains essentially constant for x < 
1.80, then decreases rapidly until no magnetic order is observed for x > 
1.85. For low Si concentrations (x < 1.82) where long-range magnetic 
order is the stable low temperature ground state, T^ remains constant 
and small. For x > 1.82, the RKKY exchange interaction weakens, as 
evidenced by the rapid drop in T^, and the Kondo temperature increases 
rapidly. This behavior is consistent with the theoretical treatment of 
the Kondo lattice^^'which predicts a schematic dependence of T^ and 
Tj^ on the interaction strength |rN(Ep)| as shown in Fig. 33, where T is 
the coupling constant between the 4f and conduction electrons and N(Ep) 
is the density of electronic state at the Fermi level. The similarity 
between the experimental data of Fig. 32 and the theoretical prediction 
of Fig. 33 illustrates that the interaction strength varies as the 
silicon concentration in the CeSi^ system. 
In conclusion, our systematic resistivity study of twelve CeSi^ 
alloys clearly shows the competition between the Kondo effect and the 
RKKY exchange interaction which favors long-range magnetic order. For 
lower Si concentrations, the alloys order magnetically and the 
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resistivity data support the existence of a dense Kondo system. For x > 
1.82, the Kondo temperature increases rapidly, resulting in the 
dominance of the Kondo effect leading to the absence of magnetic order. 
This rapid increase of the Kondo temperature as the Si concentration 
increases in the tetragonal phase is accompanied by a volume increase as 
well. This is contrary to what is generally observed on the 
relationship between Kondo temperature and volume. Our data provide 
experimental evidence of the variation of T^ and T^ with the interaction 
strength |rN(Ep) | which is responsible for both the exchange interaction 
and the Kondo effect. 
84 
VII. A COMMENT ON THE HEAVY FERMION STATE 
A central issue-in heavy-fermion systems (HPS) concerns the 
mechanism which leads to the enormous coefficient of electronic specific 
heat Y* Many efforts have been tried to fit the heat capacity data of 
the heavy fermion compounds for the past few years. Unfortunately, only 
one superconducting heavy fermion compound, UPtg, has specific heat data 
that can be fitted to the form yT + + ST^lnT. This compound, UPtg, 
was claimed to be in a state in which superconductivity and spin 
fluctuations coexist.In this comment, we explain our view of the 
ground state of heavy fermion compounds from a review of the 
experimental data that have been reported. 
For the two heavy fermion superconductors (CeCu2Si2, UPtg), small 
amounts of La (for Ce), Th (for U), Pd (for Pt) substitution can result 
in antiferromagnetic ordering becoming the favored ground state instead 
of superconductivity.A new phase transition as evidenced by 
a second heat capacity peak in the superconducting state of Ui-xT^xBeig 
(x = 0 ~ 0.06) also has been observed by Ott et al.^^^ In fact, the 
existence of a nonsuperconducting peak. (Kondoesque anomaly) in the C vs 
T data for the heavy fermion superconductors, CeCu2Si2 (Ref. 2, 115) and 
UBei3 (Ref. 116) is an unexplained problem. If the nonsuperconducting 
peak is considered as a contribution from magnetic order, it seems 
reasonable to consider the superconducting heavy fermion state as a 
state of coexisting superconductivity and antiferromagnetic order where 
the ordered moment is unobservably small due to the spin fluctuation of 
the Kondo lattice. 
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For the magnetic heavy fermion compounds NpSe^g, U^Zn^y, UCd-j^j, the 
entropies associated with the magnetic transition are much less than 
Rln2.74-76 ^he Kondo anomalies in these systems are evident in the 
resistivity data.^ One of the fundamental qusetions for the 
magnetically ordered densed Kondo systems is whether they are localized 
or itinerant. As demonstrated by Dhar et al.^? for the compound 
CeSii_83, the entropy associated with magnetic ordering accounts for 
only -17% of the theoretically expected Rln2 entropy. The remaining 
entropy is presumably associated with the spin fluctuations. Therefore, 
the magnetic heavy fermion state can be considered as a state of 
coexisting magnetic ordering and spin fluctuations. 
Within this picture, a heavy fermion showing neither magnetic order 
nor superconductivity would be in a state dominated by the spin 
fluctuation Kondo lattice plus a relatively strong RKKY interaction. 
This situation has been observed in the pseudoternary Ce(Pt^_jjNij^)Si and 
CePtjjSi systems (see Chapter IV, V). 
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APPENDIX. SOURCES AND PURITIES OF STARTING MATERIALS 
Source Purity 
Ames Laboratory batch #31185, rod 
major impurities (atomic): 
H not deter­
mined 
0 210 ppm 
F 81 ppm 
N 70 ppm 
Fe 45 ppm 
C <11.7 ppm 
Cl 5 ppm 
The rest of the impurities are 
• all less than 4 ppm 
Ames Laboratory batch #11480, rod 
major impurities (atomic): 
H not deter­
mined 
0 648 ppm 
F 125 ppm 
C 105 ppm 
N 80 ppm 
Ta 45 ppm 
Si 30 ppm 
Cl 20 ppm 
Ft 14 ppm 
Ni 10 ppm 
Fe <7.5 ppm 
Cu 5.1 ppm 
A1 4 ppm 
The rest of the impurities are 
all less than 4 ppm 
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Element Source Purity 
Ce Ames Laboratory batch #42683, rod 
major impurities (atomic); 
H 693 ppm 
0 228 ppm 
N 200 ppm 
F 88 ppm 
C 70 ppm 
CI 20 ppm 
Ft 16 ppm 
Na 9 ppm 
Si <9 ppm 
Ta 7.1 ppm 
Ni 6.6 ppm 
Tb 4 ppm 
The rest of the impurities are 
all less than 4 ppm 
La Ames Laboratory batch #72280, rod 
major impurities (atomic); 
H 1237 ppm 
C 139 ppm 
N 89 ppm 
0 57.3 ppm 
Y 24 ppm 
Gd 15 ppm 
Fe 9.4 ppm 
A1 5 ppm 
CI 4 ppm 
The rest of the impurities are 
all less than 4 ppm 
97 
Element Source 
Ni Morton Thiokol, Inc. 
Alfa Products 
Purity 
99.9+ %, ingot 
purity in at.% with respect to 
metallic impurities 
Pt Mat they Bishop, Inc. 99.999%, thermocouple wire 
purity in at.% with respect to 
metallic impurities 
Si Research Organic/Inorganic 
Chemical Corporation 
99.9999999%, lump 
purity in at.% with respect to 
metallic impurities 
